Abstract: The reaction of a rhodanine derivative (= (Z)-5-benzylidene-3-phenyl-2-thioxo-1,3-thiazolidin-4-one; 1) with (S)-2-methyl-oxirane (2) in the presence of SiO2 in dry CH2Cl2 for 10 days led to two diastereoisomeric spirocyclic 1,3-oxathiolanes 3 and 4 with the Me group at C(2) (Scheme 2). The analogous reaction of 1 with (R)-2-phenyloxirane (5) afforded also two diastereoisomeric spirocyclic 1,3-oxathiolanes 6 and 7 bearing the Ph group at C(3) (Scheme 3). The structures of 3, 4, 6, and 7 were confirmed by X-ray crystallography ( Figs. 1 and 2 ). These results show that oxiranes react selectively with the thiocarbonyl group (C=S) in 1. Furthermore, the nucleophilic attack of the thiocarbonyl Satom at the SiO2-activated oxirane ring proceeds with high regio-and stereoselectivity via an SN2-type mechanism. 
stereoselectivity via an S N 2-type mechanism. In the case of alkyl-substituted oxiranes, the thiocarbonyl S-atom attacks preferably at C(3) leading to the 5-substituted 1,3-oxathiolanes with retention of the configuration. On the other hand, the nucleophilic attack occurs mainly at C(2) of phenyloxirane to yield the 4-phenyl-substituted products via inversion of the configuration (Scheme 1).
Scheme 1
With the aim of establishing the scope and limitation of the formation of 1, 3- oxathiolanes, the reactions of a rhodanine derivative, i.e. 5-benzylidene-3-phenyl-2-thioxo-1,3-thiazolidin-4-one (1) with optically active oxiranes were carried out.
In the present paper, the results with (S)-2-methyloxirane (2) and (R)-2-phenyloxirane (5) are described.
Results

Reaction of the rhodanine derivative 1 with (S)-2-methyloxirane (2).
The reaction of 1 with 2 in a molar ratio of 1:4 was carried out in dry CH 2 Cl 2 at room temperature under an N 2 atmosphere in the presence of SiO 2 .
‡ After stirring for 10 d, filtration and the usual workup by means of column chromatography (CC) and preparative TLC (PLC) gave two diastereoisomeric spirocyclic 1,3-oxathiolanes 3 and 4 in 23 and 19% yield, respectively. The starting material 1 was recovered in 52% yield (Scheme 2). The enantiomeric excess (ee) of the products was determined by analytical HPLC ((S,S)-Whelk-O 1, hexane/AcOEt 3:1). ‡ The analogous reaction with racemic 2-methyloxirane leading to racemic products of type 3 and 4 was also carried out.
Scheme 2
The structures of 3 and 4 were assigned on the basis of the elemental analyses, MS, IR, 1 H-and 13 C-NMR, 1D-NOESY, HSQC, HSQC-TOCSY, and HMBC spectra, which clearly indicated the relative configurations of the products. For example, on irradiation of H-C(2) at 4.50 ppm, the 1D-NOESY spectrum of 4
showed one NOE-signal for two ortho H-atoms of the PhN residue at 7.40-7.38 ppm, whereas this signal was missing in the analogous experiment with 3. Finally, the structures were established by X-ray crystallography ( Fig. 1) .
Fig. 1
The crystals of 3 and 4 were enantiomerically pure and the absolute configurations of the molecules were determined independently by the diffraction experiments. Therefore, 3 has the (2S,5R)-configuration, whereas 4 is the (2S,5S)-diastereoisomer. In the case of 3, the oxathiolane ring has an envelope conformation with C(3) as the envelope flap. The other five-membered ring shows a half-chair conformation twisted on S(6)-C(5), although the puckering is quite shallow and distorted towards an envelope. Both five-membered rings of 4 have a half-chair conformation twisted on C(2)-C(3) and S(6)-C(5), respectively.
The formation of 3 and 4 proceeded with retention of the configuration at C(2) of the oxirane 2 because the nucleophilic attack of the thiocarbonyl S-atom took place at C(3), leading to the intermediate A.
Ring closure via nucleophilic addition of the O-atom at the thiocarbonylium group from the si-or re-side leads to 3 and 4, respectively.
Reaction of the rhodanine derivative 1 with (R)-2-phenyloxirane (5).
The analogous reaction of 1 with 5 (molar ratio 1:2, dry CH 2 Cl 2 , room temperature, 10 d, N 2 atmosphere) in the presence of SiO 2 gave two diastereoisomeric spiroheterocycles 6 and 7 in 37 and 8% yield, respectively. In addition, 1 was recovered in 51% yield (Scheme 3). A likely intermediate is B.
The determination of the ee-values by means of HPLC showed that 6 was formed via inversion of the configuration at C(2) of 5. The formation of 7 proceeded with lower stereoselectivity and partial racemization (9%) was observed. § The structures of 6 and 7 were assigned on the basis of their elemental analyses and spectroscopic data, particularly 2D-NOESY, HSQC, HSQC-TOCSY, and HMBC spectra, and they were confirmed by X-ray crystallography (Fig. 2 ).
Scheme 3
The examination of a Dreiding-model of 6 shows that the distances between the Although the enantiomeric excess of 7 amounted to 91% according to the analytical HPLC and the isolated product was optically active, the crystal used for the crystal-structure determination was racemic since the space group is centrosymmetric. The oxathiolane ring has a half-chair conformation twisted on C(2)-C(3). The other five-membered ring has a distorted shallow envelope conformation with S(6) as the envelope flap. The distortion is towards a half-chair twisted on S(6)-C(5).
Discussion and Conclusion
The five-membered ring of the rhodanine derivative 1 has been shown to be planar and the bond lengths involving S(1) indicate significant delocalization of the lone-pair electrons of S(1) with the adjacent C(2)=S and C(5)=C(1′) systems. 
Reactions of 5-benzylidene-3-phenyl-2-thioxo-1,3-thiazolidin-4-one (1) with (S)-2-methyloxirane (2) and (R)-2-phenyloxirane (5).
General procedure. To a solution of 1 (ca. 1 mmol) and oxirane 2 or 5 (2-4 mmol) in dry CH 2 Cl 2 (10-15 mL) under an N 2 atmosphere, 4.5 g of silica gel (SiO 2 ) were added at rt. After stirring the suspension for 10 d at rt, the mixture was filtered and the residue was washed with ethyl acetate (AcOEt, 4×). Then, the combined filtrate was evaporated i.v. The products were separated by chromatography (SiO 2 , hexane/AcOEt; CC, MPLC, or prep. TLC (PLC)).
Reaction of 1 with (S)-2-methyloxirane (2).
Reaction of 1 (446 mg, 1.5 mmol) with 2 (348 mg, 6 mmol) and 4. IR: 3061w, 3043w, 3026w, 3012w, 2979w, 2925w, 2815w, 1703s, 1611m, 1594w, 1493m, 1447w, 1377w, 1356s, 1337m, 1222m, 1194m, 1171w, 1143m, 1131m, 1081m, 1020s, 986s, 926m, 897w, 870w, 806w, 758m, 733m, 697m, 687m. 124.7 (s, C (7)); 109.9 (s, C(5)); 80.1 (d, C (2) 
Reaction of 1 with (R)-2-phenyloxirane (5).
Reaction of 1 (297 mg, 1 mmol) with 5 (240 mg, 2 mmol) and 4.5 g of SiO 2 at rt, 13 The intensities were corrected for Lorentz and polarization effects, and, in the cases of 3, 4, and 7, an absorption correction based on the multi-scan method 14 was applied. Equivalent reflections, other than Friedel pairs, were merged. The structures were solved by direct methods using SIR92, 15 which revealed the positions of all non-H-atoms. In the case of 6, there were two symmetry-independent molecules in the asymmetric unit. The atomic coordinates of the two molecules were tested carefully for a relationship from a higher symmetry space group using the program PLATON, 16 but none could be found, although there is a pseudo-inversion centre relating 89% of the atoms. The non-H-atoms were refined anisotropically. All of the H-atoms were placed in geometrically calculated positions and refined using a riding model where each H-atom was assigned a fixed isotropic displacement parameter with a value equal to 1.2U eq of its parent atom (1.5U eq for methyl groups). Refinements of the structures were carried out on F 2 using full-matrix least-squares procedures, which minimised the function Σw(F o 2 -F c 2 ) 2 . A correction for secondary extinction was applied in the cases of 3, 6, and 7. In 4 and 6, one and two reflections, respectively, whose intensities were considered to be extreme outliers, were omitted from the final refinement. Refinements of the absolute structure parameter 17 yielded values of -0.04(5), -0.04 (7), and 0.00(4) for 3, 4, and 6, respectively, which confidently confirm that the refined coordinates represent the true enantiomorph in each case. For 7, the largest peak of residual electron density lies within the oxathiolane ring in the vicinity of O(1) and C(2), but is inappropriately positioned to be correlated with disorder. Neutral atom scattering factors for non-H-atoms were taken from 18a and the scattering factors for H-atoms were taken from. 19 Anomalous dispersion effects were included in F c ; 20 the values for f ' and f " were those of. 18b The values of the mass attenuation coefficients are those of. 18c All calculations were performed using the SHELXL97 21 program.
Crystal data for 3: 
